Introduction
In microelectronic industry, much attention has been paid to photosensitive polymers with high thermal stability and low dielectric constant to increase circuit speeds. Photosensitive polyimides (PSPIs) are widely used in high-performance electronics packaging [l] . We have been interested in developing thermally stable imaging materials that can be used as a substitution of PSPIs.
In previous papers [2, 3] , we reported new positive-and negative-type alkaline developable thermally stable and photosensitive polymers based on poly(phenylene ether) containing phenol units in the main chain and diazonaphthoquinone or across-linker and a photoacid generator. These polymers showed high photosensitivity and good thermal stability. It is of another interest to develop a positive-type chemically amplified resist system based on poly(phenylene ether) containing phenol units.
In this paper, we describe the successful development of a new positive-type chemically amplified photosensitive polymer system based on partially tent-butoxycarbonylated poly(2-hydroxy-6-methylphenol-co-2,6-dimethylphenol) and diphenyliodonium-9,10-dimethoxy-anthracene-2sulfonate (DIAS) as a photoacid generator.
Experimental

Materials
Pyridine and toluene were distilled over calcium hydride under nitrogen and stored over 4-A molecular sieves. Tetrahydrofuran (THF) was distilled over sodium under nitrogen and stored over sodium. N,N-Dimethylaminopyridine (DMAP) was purified by recrystallization from toluene. Di-tert-butyl Bicarbonate (DBDC) was purchased from Tokyo Kasei Kogyo Co. Ltd. and used without further purification. Poly(2-hydroxy-6-methylphenol-co-2,6-dimethylphenol) (1) was prepared by the oxidative coupling polymerization of 2-(tetrahydropyran-2-yl)oxy-6-methylphenol with 2,6-dimethyiphenol (85 : I S in molar ratio) in the presence of copper (I) chloride, pyridine, and oxygen, followed by acid treatment according to the reported procedure [2] . Diphenyliodonium-9,10-dimethoxyanthracene-2-sulfonate (DIAS) was prepared according to the literature [4] . Other reagents and solvents were used as received.
Synthesis of Partially tert-Butoxycarbonylated
Poly(2-hydroxy-6-methyl phenol-co-2,6-dimethylp henol) (2) In a flask equipped with a calcium chloride tube, polymer 1 (0.12 g, 1.0 mmoi) and DBDC (hydroxyl group in polymer 1 : DBDC = 5:5, 4:6, 3:7, 2:8 in molar ratio, respectively.) were dissolved in THE (2 mL). DMAP (DBDC : DMAP = 10:1 in molar ratio) was added into the flask at room temperature, and the reaction was continued J. Photopolym, Sci. Technol., Vol.14, No. 1, 2001 for 10 min. Then the resulting mixture was poured into hot hexane to precipitate the white powder. The precipitate was collected, washed with hexane, and dried for 12 h under reduced pressure. 
Dissolution Rate
To a solution of polymer 2 (15 wt%) in cyclohexanone was added DIAS (5-20 wt%, of the total solid). The 1.5 µm thickness films spin-casted on silicon wafers were pre-baked at 100 °C for 3 min, exposed through the filtered super-high pressure mercury lamp at 365 nm wavelength, post exposure baked at 110 °C for 5 min, and developed with a 2.38 wt% aqueous tetramethylammonium hydroxide (TMAH) solution at 25 °C. Imagewise exposure was carried out in contact printing mode.
Photosensitivity
The polymer film with 1 µm thickness on a silicon wafer was exposed at a wavelength of 365 nm light, post-baked at 110 °C for 5 min, developed with the 2.38 wt% aqueous TMAH solution at 25 °C, and rinsed with water. A characteristic curve was obtained by a normalized film thickness against exposure energy.
Measurements
The infrared spectra were recorded on a Horiba FT-720 spectrophotometer.
'H-and 13C-NMR spectra were recorded on a Bruker DPX300S spectrometer. Thermal analyses were performed on a Seiko EXSTAR6000TG/DTA6300 thermal analyzer at heating rate of 10 °C/min for thermogravimetry (TG). The film thickness was measured by Dektak3 system (Vecco Instrument Inc.).
Results and Discussion
3.1. Synthesis of partially tent-butoxycarbonylated poly(2-hydroxy-6-methylphenol-co-2,6-dimethylp henol) (2) Poly[2-hydroxy-6-methylphenol (85 mol%) -co-2 ,6-dimethylphenol (15 mol%)] (Mn = 13,000, M /Mn = 1.9) (1) was prepared according to the reported procedure 2. Solubility and adhesion to a silicone wafer of polymer 1 depend on a protecting ratio of phenol units in polymer 1. Thus, several partially tert-butoxy-carbonylated (t-BOC) polymers 2 were prepared by the reaction of polymer 1 with di-tert-butyl Bicarbonate (DBDC) in the presence of N,NV dimethylaminopyridine (DMAP).
The structure of resulting polymers was identified as the partially (tBOC) polymers 2 by IR, 'H -and ' 3C-NMR spectroscopies . The IR spectrum exhibited characteristic absorptions at 3300, 1762, and 1 195 cm-' due to hydroxyl, ester carbonyl, and ether groups. The ' H-NMR spectrum showed tent-butyl signals at 1.30-1.42 ppm, methyl signals at 2.00-2.15 ppm, aromatic signals at 6.15-6.70 ppm, and hydroxyl signals at 9.2-9.5 ppm. The molar ratio of tert-butoxycarbonyl groups incorporated in the polymer was estimated by the integration ratio of the signals at 2.00-2.15 ppm (methyl) and 1.30-1.42 ppm (tent-butyl ). Figure 1 shows the 13C-NMR spectrum of polymer 2b. All signals were assigned well. These findings clearly indicate the formation of the corresponding polymers. Scheme 1 . Synthesis of polymer 2 52 Polymer 2 films were soluble in cyclohexanone and propylene glycol-l-monomethyl ether-2acetate (PEGMEA). The UV-visible spectra of 2 films with 1 µm thickness showed no absorptions above 300 nm, which indicated that DIAS having a strong absorption in the range from 300 to 450 nm could be used as a photoacid generator.
The thermal property of polymer 2b (Figure 2 ) was examined by thermogravimetry (TG) in nitrogen. The first l8 wt% weight loss of 2b was observed at 120 °C, which indicated this polymer contains 25 wt% oft-BOC groups.
Lithographic Evaluation
The dissolution rate of polymer 2 films with and without exposure to 365 nm light, followed by post exposure bake (PEB) and developing with a 2.38 wt% aqueous tetramethylammonium hydroxide (TMAH) solution was measured.
To clarify the effect of the contents of tent-butyl group on the solubility of the films obtained from several polymer 2, the solubility of spin cast polymer 2 films and those containing 15 wt% of photoacid generator, DIAS to the 2.38 wt% TMAH solution was estimated by measuring the film thickness. The difference of dissolution rate between the exposed and the unexposed area for 2b was largest and reached to 100 times. This result indicates that polymer 2b would be the most suitable matrix polymer in this study. We formulated the photosensitive polymer system consisting of polymer 2b and 15 wt% of DIAS in cyclohexanone. The sensitivity curve of polymer 2b film with 1 pm thickness using the system described above after pre-baked at 100 °C for 3 min, PEB at 1 l0 °C for 5 min, and developed with the 2.38 wt% aqueous TMAH solution is shown in Figure 3 . The sensitivity (Do) and contrast (yo) are 105 mJ/cm2 and 1.6, respectively.
Conclusion
A positive working photosensitive polymer based on partially tent-butoxycarbonylated poly(2hydroxy-6-methylphenol-co-2,6-dimethylphenol)
(2) and DIAS as a photoacid generator has been developed. Polymer 2b showed an appropriate solubility in the 2.38wt% TMAH solution. Polymer 2b containing 15 wt% of DIAS functioned as a positive-type chemically amplified photosensitive polymer. 
